Introduction
Visceral adipose tissue (VAT) is a hormonally-active component of total body fat which possesses unique bio-* Corresponding author. chemical characteristics that influence several normal and pathological processes in the human body [1] .
Intra-abdominal adipose tissue depot is made up of visceral intra-peritoneal fat and retro-peritoneal fat masses separated by a delineation along the dorsal margin of the intestine and the ventral surface of the kidney [2] . It is drained by the portal vein, whereas blood from retro-peritoneal adipose tissue empties into the inferior vena cava [3] . The anatomical distribution of adipose tissue throughout the human body is dependent upon many factors including sex, age, race, ethnicity, genotype, diet, physical activity, hormone levels and medication [1] .
Excess VAT is a key contributor to abdominal obesity [4] , which is believed to be a marker of dysfunctional adipose tissue [5] . Obesity further increases the risk of cardiovascular diseases in adults and has been strongly associated with insulin resistance in normoglycemic persons and in individuals with type 2 diabetes [6] . Quantitative assessment of visceral obesity is important for evaluating the potential risk of pathologies, as well as providing an accurate prognosis [1] . On ultrasound, the VAT is measured as the distance between the posterior border of the linea alba and the abdominal aorta (Figure 1 ) [4] . This study is aimed at creating a reference range normogram of the VAT, and correlating it with biometric markers like Body Mass Index (BMI), Waist Circumference (WC), and Blood Pressure (BP).
Patients and Methods
This was a prospective, cross sectional study carried out between December 2012 and March 2013 in a teaching hospital in Nigeria. 250 volunteers (100 males and 150 females) recruited consecutively through simple random sampling were enrolled for the study. They comprised outpatients for ultrasound with no sonographic evidence of abnormality, staff of the hospital as well as para-medical students on clinical attachment.
Ethical approval was obtained from the hospital's ethics committee and informed, written consent was also obtained from each subject. Excluded from the study were volunteers with previous history of abdominal surgery, gravid patients, medically-unfit patients, incidental findings of hepatic, pancreatic, or renal pathology, and those with dietary disorders.
The equipment used for visceral adipose tissue quantification was Aloka Prosound SSD-3500SX ultrasound machine with a sector transducer having a variable frequency range of 2.5 -6 MHz. An aneroid sphygmomanometer and a stethoscope were used for blood pressure measurement. Waist circumference was assessed with the aid of a non-stretchable tape rule. A height and weight scale were also used.
The volunteer was positioned for a normal abdomino-pelvic ultrasound but with the head at the same level as the body. This head level neutralizes a likely sudden rise in blood pressure, seen sonographically as increased pulsation of the abdominal aorta, which often leads to difficulty in freezing.
The skin at the peri-umbilical area was exposed and ultrasound gel was applied. The transducer was positioned transversely at 1 -5 cm superior to the umbilicus at the xipho-umbilical line. This position shows the rectus sheath as two contra-lateral, homogenous, fairly-oval, hypoechoic, solid structures separated by a central, homogenous and echogenic linea alba lying immediately superior to the pre-peritoneal fat which appears hypoe- choic. Visceral adipose tissue appears echogenic, fairly homogenous and with bright linear cranio-caudal strips at regular interval. With the rectus sheath and linea alba sharply in focus on the screen, the transducer was subsequently rotated longitudinally and held stable at the median-sagittal plane with gentle hand pressure until the pulsating abdominal aorta came sharply into focus.
The electronic calipers were positioned between the anterior wall of the abdominal aorta and the posterior surface of the linea alba and the measurement was taken on arrested expiration. Two other measurements were obtained and the average of the three values represented the final VAT value (Figures 1-3) .
The body mass index was calculated from weight and height measurements using the formula weight/height 2 (kg/m 2 ). Waist circumference was measured with the volunteer standing erect. Clothing were adjusted to reveal the umbilical segment. A flexible, non-stretchable tape rule was tied gently around the waist at the level of the umbilicus and held parallel to the floor. The measurement was taken on arrested expiration.
Blood pressure was measured by departmental nurses using aneroid sphygmomanometer and stethoscope. Volunteers were seated and measurements were taken consistently from the left arm after five minutes of rest. In all measurements the average of two readings were calculated and recorded.
The data obtained was analyzed using SPSS v.17.0 (SPSS Inc, Chicago, Illinois). Results were expressed as mean ± standard deviation. The relationship between VAT and BMI, WC, and BP was determined by Pearson's correlation coefficient. A p-value < 0.05 was considered as statistically significant. 
Results
250 volunteers (male:female ratio = 2:3) who were not on admission participated willingly in the study. 54% (n = 135) were para-medical students, 40% (n = 100) were "normal" ultrasound patients and 6% (n = 15) were staff of the hospital ( Table 1) . Their age range was 18 -65 years with a mean of 28.92 ± 10.58 years.
Minimum and maximum visceral adipose tissue thickness in the subjects were 10 and 105 mm respectively and with a mean of 25.36 ± 16.42 mm. In obese subjects (n = 28) however, it was 45 mm, 105 mm and 73.0 ± 14.0 mm respectively. Minimum, maximum and mean waist circumference in both male and female gender were 67 cm, 128 cm and 85.99 ± 12.15 cm as well as 60 cm, 114 cm and 77.34 ± 11.48 cm respectively. Both males and females had means lower than the cut off values for mild obesity of 94 cm and 80 cm respectively. Mean BMI was 25.54 ± 4.53. Mean systolic and diastolic blood pressures were 117.01 ± 11.04 and 73.81 ± 9.42 mmHg respectively ( Table 2 ).
Pearson's correlation revealed that VAT positively correlated with BMI, WC, and BP. While correlation was moderate in systolic (r = 0.601; p < 0.05) and diastolic (r = 0.543; p < 0.05) blood pressure in males it was low for both systolic (r = 0.302; p < 0.05) and diastolic (r = 0.412; p < 0.05) blood pressures in the female gender. The results are summarized in Table 2 .
Discussion
Our findings strongly suggest that visceral adipose tissue can be reliably quantified with ultrasound. We also found positive and significant correlation of adipose tissue with biomarkers such as body mass index, waist circumference and blood pressure. A mean visceral adipose tissue thickness of 25.36 ± 16.42 mm was established for our Negroid population. In twenty-eight obese subjects with BMI ≥ 30 kg/m 2 however, we noted a mean visceral adipose thickness of 73.0 ± 14.0 mm (male: 72.0 ± 19.0 mm; female: 73.0 ± 11.0 mm). In a closely related work amongst Caucasian subjects with ultrasound, a mean abdominal visceral adipose thickness of 98.0 ± 25.0 mm in nineteen obese, bariatrics subjects with BMI ≥ 32.9 ± 3.7 kg/m 2 was established [7] . Race and ethnicity are noted to influence adiposity [1] , hence the difference in mean adipose thickness between both works. This understanding informed our use of a homogenous population in our study. The lower pocket of adiposity noted in our study is suggestive of a lesser propensity for abdominal obesity amongst our population than in Caucasians.
The strong correlation of adiposity with BMI and WC observed by us gives a lot of hope about the reliability of ultrasound in this quantification technique as earlier reported from a review of the literature. From our study, adiposity found higher correlation in WC (r = 0.8) than in BMI (r = 0.677). This concurred with the work of Kunesova et al., who studied 216 women aged 17 to 67 years using several imaging methods including ultrasound, and got significant correlation of between ultrasound and WC (r = 0.89) [8] . This value is only slightly higher than the value we got in women (r = 0.779) from our work. This indicates that WC is a better predictor of visceral adiposity than BMI. This conclusion is also in agreement with the thinking of Janssen et al. [9] .
The remarkable correlation we noted in adiposity with both systolic (r = 0.524) and diastolic (r = 0.535) blood pressure gives some remote possibility of the association of adiposity with blood pressure. This line of thinking was reinforced in a work which found that individuals with high visceral adipose tissue had higher systolic and diastolic blood pressure values [10] . The likely implication is that ultrasound can be used to investigate the pre-disposing factor to hypertension by a simple quantification of visceral adipose tissue. Hypertensive individuals with lean mass may not have abdominal obesity as risk factor.
Our experience in this work reaffirms the thinking that ultrasound can be used to diagnose intra-abdominal obesity [11] if valid regression models are available. However, Shuster et al., expressed reservations as they are of the opinion that the techniques used in ultrasonography remain operator-dependent in quantitative measurements of body composition. He advocated proper precautions for operator protocols to promote consistent measures of visceral adiposity [1] . These pitfalls we endeavoured to avoid in our work by the consistency in volunteer's position, external and internal measurement landmarks, phase of respiration and hand pressure on probe (Figure 1 and Figure 2 ).
Conclusion
Adipose tissue quantification with ultrasound finds useful application in the field of bariatrics as adiposity not only is visible on the screen but also presents a distinct echogenicity from other abdominal organs. This makes differentiating lean from fat mass and subcutaneous from visceral adipose tissue in obese individuals possible [1] . Moreover, it could potentially be used to confirm cases of abdominal obesity established by anthropometric means prior to commencement of bariatric therapy. A paucity of literature on the subject matter was noted locally. We are therefore constrained to postulate that only few research works have been done on the subject matter in our locality. Our generated data ( Table 2 ) may therefore be a starting point for future researchers.
Limitation
Male volunteers were not keen on a free abdomino-pelvic ultrasound scan giving rise to a fairly wide margin of male:female ratio (2:3) in this work. Furthermore, a paucity of literature in the locality limited us from making appropriate comparisons in adipose tissue thickness between different negroid populations.
